In ecology, strategy schemes based on propositions about the selection of plant attributes are common, but quantification of such schemes in relation to nutrient and water supply is lacking. Through structural equation modeling (SEM) we tested whether plant strategies related to nutrient and water/oxygen supply are reflected in a coordination of traits in natural communities. SEM models, based on accepted ecological concepts, were tested with measured plant traits of 105 different species across 50 sites in mesic to wet plant communities in The Netherlands. For each site, nutrient and water supply were measured and modeled. Hypothesized multivariate strategy models only partly reflected current theoretical schemes. Alternative models were consistent, showing that lack of consistency of the original models was due to: i. strong correlations among traits that supposedly belong to different strategy components, ii. poor understanding of mechanisms determining the co-variation of plant maximum height, leaf size and stem density, and iii. lack of integrative and long-term measures of nutrient supply needed to predict coordinated plant trait responses. Our main conclusion is that a combination of trade-offs (partly) across different plant organs and diverging effects of resource supply ultimately determines the coordination of plant traits needed to 'make a living'.
INTRODUCTION
The term strategy is rooted in the context of warfare. In this context, plant strategy is a relevant term as plants are engaged in a constant struggle to obtain resources, survive and reproduce. Consequently, within plant ecology, strategies define how a species ensures enough carbon gain to grow and produce its offspring (Westoby et al. 2002) . Conceptualizations of plant strategy schemes are manifold (for a review see: Westoby (1998)). During recent years, the strategy scheme by Westoby et al. (2002) , that is based on patterns in trait variation has been intensively studied. This scheme is based on evidence showing the coordination of morphological and physiological plant traits on common axes of variation across biomes and plant functional types (e.g. Reich et al. 1997 , Diaz et al. 2004 , Wright et al. 2004 . Implied in this definition of strategy is that trait convergence is driven by selection forces and physically enforced trade-offs (Westoby et al. 2002) . Environmental factors partly determine selection forces and thus trait variation. Of all environmental conditions, resource supply (i.e. availability of light, water and nutrients) is thought to be one of the main forces driving plant strategy selection in space and time (Grime 2006 , Vile et al. 2006 .
Plant adaptation to differences in resource availability has been studied by examining the responses of plant traits to resource supply factors (for reviews see: Aerts and Chapin (2000) , Westoby et al. (2002) ). Some studies of trait modulation by resource supply focus on effects of single factors (e.g. nutrients: Knops and Reinhart (2000) , Paoli (2006); or water: Wright et al. (2005b) , Preston et al. (2006) . The factor that modulates a trait more strongly varies from study to study, which demonstrates that the effect of a single resource factor on traits is not unambiguous. Other studies, that combine effects of nutrients, water and light on traits, have mainly been carried out in experimental set-ups and are scarce for natural communities. Those carried out in natural settings refer mostly to moist and dry environments (Fonseca et al. 2000 , Cordell et al. 2001 , Wright et al. 2001 . For wet environments, there is detailed knowledge on physiological and morphological adaptation to oxygen stress, like alternative respiration pathways and aerenchyma formation (Crawford 1992 , Armstrong et al. 1994 ), but little attention has been paid to the response of traits included in common strategy schemes. Consequently, no direct quantitative tests exist on the plant strategy scheme as described above in moist to wet environments. Even more importantly, the relative effects of nutrient and oxygen/water supply have not been assessed for multiple traits combinations, critical to quantify plant strategies.
Therefore, the aim of this study is to quantitatively test whether a theoretical framework of plant strategies in relation to nutrient and water/oxygen supply based on Westoby et al. (2002) , is reflected in the trait composition observed in natural plant communities. This analysis was carried out by translating an existing generally accepted theoretical framework into a structural equation model (SEM) of plant strategies (as reflected in multiple plant traits) regulated by nutrients and water supply. Finally, the proposed SEM model was tested using data on plant traits and abiotic parameters that were collected in 50 temperate zone sites in The Netherlands. We consider SEM as a suiTable tool for our aim, because it 1) allows the explicit quantitative modeling of the relationships between environmental conditions and plant traits (in contrast to ordination techniques), and 2) allows the integrative analysis of correlated plant traits (in contrast to common regression analysis).
SEM models of plant strategies in relation to nutrient availability and water/oxygen supply SEM models allow the investigators to combine measured variables (in the graphical representation of SEM represented by squares) and conceptual unmeasured variables that are called latent variables (represented by ellipses, Figure 3 .1). The relationships among the variables can be causal (one head arrow), or correlational (two headed arrows). In causal relationships, dependent variables also have error terms and, in SEM, correlations are modeled through their error terms. For independent variables, correlations are modeled as occurring directly through the variables.
Two common strategies that describe how plants use nutrients, water and light are considered to be critical for our analysis: the leaf economy strategy and the light competition strategy. The tested strategies are based on established concepts of plant adaptation (Westoby et al. 2002) to nutrient supply and water supply in mesic to wet environments.
Model 1a.
Model 1b. Hypothesized models of these strategies are shown in Figure 3 .1 (models 1a and 1b). In the present study, following the findings of Shipley et al. (2006) , specific leaf area (SLA), leaf nitrogen concentration (LNC) and leaf phosphorus concentration (LPC) have a common cause, which in these models is represented by a latent variable that is defined here as the leaf economy (Figure 3 .1, models 1a and 1b). This latent is thought to represent the influence of i. the ratio of cytoplasmic to cell wall volumes in the leaf and ii. an evolutionary link between photosynthetic capacity and leaf life span. The leaf economy strategy is based on evidence showing the convergence of leaf traits like SLA, LNC, LPC, maximum photosynthetic capacity, dark respiration and leaf life span (Reich et al. 1997 , Wright et al. 2004 ). As such, the leaf economy represents the trade-off between rates of acquisition vs. conservation of nutrients and water (Grime 1977 , Aerts and Chapin 2000 , Westoby et al. 2002 , Wright et al. 2004 ). On one extreme are plants with high growth rates that tend to acquire available resources fast, but using tissues that are prone to losses, both when alive through herbivores (Coley 1988) and after life by leaching and rapid decomposition (Aerts and Chapin 2000) . The opposite occurs with slowly growing plants having long lived tissues (tough leaves) which conserve resources and sustain growth for longer times. Traits describing the leaf economy strategy have been shown to depend strongly on both water (in mesic to dry environments) and nutrient supply (Fonseca et al. 2000 , Wright et al. 2001 . Also, experimental studies have shown a reduction in cell size under nutrient poor conditions (Erley et al. 2001) . In wet environments, oxygen supply may be an additional limiting resource for the leaf economy, directly by affecting plant respiration and indirectly presumably through negative effects on nutrient supply. So far, effects of oxygen supply on the leaf economy strategy have not been quantified. If nutrient and water/oxygen supply shape the leaf economy strategy, then both factors will affect the latent variable. In the current study, this is represented by arrows that go from variables that represent N & P fertility and water/oxygen supply to the latent.
The light competition strategy describes the light foraging strategy of plants. At the core of this strategy is canopy height (Westoby et al. 2002) . Given its uni-directional nature, there is an asymmetric competition for light: species that grow taller than their neighbors place their canopies at an advantageous position to catch light. Increases in height comes at the cost of construction and maintenance of non-productive tissues (Givnish 1995) and investments in conductive tissues to maintain water transport (Mencuccini 2003) . Thus, investments in stems are advantageous only as cover becomes denser and disturbance intensities lower. For the light competition strategy, a common variation in height, stem specific density (SSD) and leaf size have been reported (Diaz et al. 2004) . Nevertheless, the causes for the common variation of these three traits are poorly understood and, so far, no SEM model has been proposed. We tested two possible models for the light foraging strategy. In the first model (Model A, Figure 3 .1a), the competition for light that drives plant height and leaf size is represented as a latent variable (from here onwards 'light competition'). In the alternative model (model B, Figure 3 .1b), height drives leaf size and SSD directly. In both cases, leaf size also affects SSD. Leaf size and height might be related as a consequence of the increments in plant size: Plants with thicker stems have the physical potential to sustain and support larger appendages (Cornelissen 1999 , Westoby et al. 2002 . The evolutionary advantage of having large leaves is the potential to capture light, but at the cost of water loss (Givnish 1987) and decreasing returns of carbon gain (Niklas et al. 2007 ). Height determines SSD through its demands for structural support (Falster and Westoby 2005a) and water transport (Mencuccini 2003) . Leaf size has been hypothesized to negatively relate to SSD as low density stems can support higher hydraulic conductivity, and therefore can support large leaves (Ackerly 2004 , Pickup et al. 2005 , Wright et al. 2007 ).
In model A (Figure 3.1, model 1a) , both N and P fertility and water/oxygen supply determine height, leaf size and SSD through the light competition latent. In the alternative model B (Figure 3 .1, model 1b) nutrients and oxygen/water supply affect height and leaf size directly, and through these traits SSD. As stem production (to increase height) requires an investment in non-productive tissue, it is expected that plants will grow higher in habitats with high nutrient availability and infrequent disturbances (Givnish 1995) . With respect to water supply, an excess of water and the concomitant oxygen stress might limit growth of tall species because of reduced shoot growth and shallow root systems (for a review, see Glenz et al. (2006) ). Leaf size decreases under nutrient poor conditions or when water is limiting (Westoby et al. 2002) . In wet conditions, there is little research on effects of oxygen supply on leaf size, and leaf size responses seem to be species dependent (Angelov et al. 1996 , Parolin 2002 , Glenz et al. 2006 . Probably effects of oxygen stress on leaf size are indirect through negative effects on nutrient supply. Stem density is related to the transport of water from the roots to the leaves and of oxygen from leaves to roots. Under water stress (dry environments) it has been argued that plants with denser stems have less risk of embolism (Wright et al. 2007 ) and therefore stand dry conditions better. SSD has hardly been studied under oxygen stress (wet environments). However, under wetland conditions, adaptations like aerenchyma tissues will increase stem porosity and decrease SSD. In both models A and B, oxygen stress affects nitrogen supply, through lower N mineralization and higher denitrification losses. Soil N and P fertility are assumed to be correlated, as both are related to total soil organic matter content.
The strategies outlined above have originally been defined at the level of individual species. However, gradients in resource supply predominantly determine the functional variation in leaf and wood traits among sites (Ackerly and Cornwell 2007) . This is supported by recent studies on the regulation of leaf traits by climate (Wright et al. 2005b) and climate and soils (Ordoñez et al. 2009) showing that effects of resource supply are most apparent among sites. Within communities, trait variability can be large (Fonseca et al. 2000 , Wright et al. 2005b , Ordoñez et al. 2009 ) and seems to be mainly affected by other factors than resource supply, e.g. alternative optimal solutions for the same challenges and game theoretical or frequency dependence processes (Westoby and Wright 2006) . To eliminate these other sources of trait variability, we analyze the coordination of traits at the community level only. In this manner we reduce the variability of trait values that limits quantification of effects of resource supply on plant strategies.
MATERIALS AND METHODS

Sites selection
A field survey to measure plant traits and resource supply parameters simultaneously, was carried out at 50 sites in The Netherlands. The sites were chosen to span a wide range of nutrient availability and mesic to wet conditions (Figures 3.2) . They included wet dune slacks, floodplains, grasslands, forests, shrub-lands and heath, representing the dominant mesic to wet habitats in Western Europe (Appendix 3-A). At each site, one plot was selected to collect plant and soil samples. 
Plant traits
Vegetation composition was obtained from van der Peijl et al. (2000) or, when not available, recorded at each site prior to sampling. At each site, only dominant plant species were sampled until the cover sampled amounted to more than 50% of the total vascular plant cover. Dominant plants were selected based on the assumption that they reflect the adaptations to the environmental conditions of the site. At the 50 sites, 256 species samples, corresponding to 105 different species and spanning all growth forms, were sampled (for a full list of the species see Appendix 3-B).
Plant traits -specific leaf area (SLA, m 2 kg -1 ), leaf N concentration (LNC, mg g -1 ), Leaf P concentration (LPC, mg g -1 ), plant height (m) of the tallest photosynthetic tissue, leaf size (cm 2 , including petiole) and stem density (SSD, mg mm -3 )-were determined at peak biomass (from mid July till the end of August) and measured following standardized protocols from Cornelissen et al. (2003); Appendix 3-C) to minimize trait variability caused by species plasticity within sites.
Estimates of nutrient supply
Soil sampling was carried out around the time of plant sampling. At each site, five soil samples of 6 cm diameter and a depth of 15 cm were taken and mixed to form a composite sample. After sampling, roots and litter remains that were still recognizable were removed. Total N and C were analyzed with an elemental analyzer (Carlo Erba NA 1500, Rodana, Italy). Total P was determined by acid digestion and subsequent colorimetric determination following Murphy and Riley (1962) . A yearly estimate of net N mineralization rate, integrating the nutrient pool potentially available for plant uptake and the seasonal effects of controlling factors of nutrient cycling (soil temperature, moisture and soil texture), was derived from a mineralization model based on the widely applied CENTURY model (http://www.nrel.colostate.edu/projects/century/), as described in Ordoñez et al. (2009) . Modeled N mineralization, however, showed poorer fits to the plant traits in bi-variate correlations than soil total N (Table 3 .1). We therefore decided to focus on soil total N and P as measures of N and P fertility, also because these variables do not vary largely in time and space.
Actual measures of nutrient supply were supplemented with nutrient indicator values for each species. Nutrient indicator values have been shown to integrate different factors influencing fertility (Schaffers and Sykora 2000). Nutrient indicator values, ranging from 1 (nutrient poor sites) to 3 (nutrient rich sites), were derived from a list of indicator values for plant species tailored to The Netherlands (Witte et al. 2007 ) based on expert judgment and national and international literature (e.g. Londo 1975 , Ellenberg et al. 1992 ). An arithmetic mean nutrient indicator value was applied to each site, based on all vascular plant species with known indicator values. Following the findings of Käfer and Witte (2004) , no weight was given to species abundance.
The chosen measures of nutrient supply integrate the endogenous nutrient release, nutrient inputs by atmospheric deposition or through water flows (Bakker and Berendse 1999), nutrient management practices such as hay making and hay removal (Grootjans et al. 2002a , Grootjans et al. 2002b ), effects of water management practices on moisture availability (van Bodegom et al. 2006 ) and vegetation feedbacks (e.g. Berendse 1994). Therefore, these are suiTable to study plant strategies in relation to nutrient supply.
Estimates of water/oxygen supply
For water/oxygen supply, we chose the average water filled pore space in spring (WFPS) as this variable summarizes effects of water and oxygen stress best, and it correlates strongly (r>0.7) with other measures like pressure heads and soil water content. WFPS was simulated with SWAP 3.0.3 (Kroes and van Dam 2003), a commonly applied hydrological model used to simulate soil moisture dynamics in the unsaturated zone in a wide range of environments (van Dam et al. 2008) . Simulations were executed for the period 2000-2006 using standard grass vegetation as cover and a time step of one day. Meteorological input included daily values of local precipitation data and the reference crop evapotranspiration (the evapotranspiration of grassland under optimal water supply, according to Makkink (1957) for De Bilt, central Netherlands). Biweekly groundwater levels (GWLs) measurements were selected from the Dutch national dataset of groundwater http://www.dinoloket.nl/en/DINOloket.html. Selection of piezometers was based on the distance from the site, altitude of the piezometer and similarity of the vegetation type compared to the sampling site. Biweekly GWLs were interpolated to daily values and extrapolated to the period 2000 -2006 using 'Menyanthes' (von Asmuth et al. 2002 , Bartholomeus et al. 2008 . Daily GWLs were the bottom boundary for the simulations of the groundwater dependent sites (n=31). For the groundwater independent sites (n=19), no GWL was needed. Soil physical characteristics, e.g. Genuchten parameters (van Genuchten 1980) , were derived from the 1:50,000 soil map of The Netherlands.
Plant responses to water supply may not be linear, but may follow a humpback curve instead, reflecting both oxygen and water stress. However, given that the communities sampled were mostly concentrated in the region from no stress to oxygen stress ( Figure  3 .2), and that none of the bi-variate trait-WFPS relations showed strong deviations from linearity (data not shown), we decided to use untransformed WFPS values in our SEM models representing a linear approximation.
Analogous to nutrient indicator values, moisture indicator values were chosen as they represent long-term water and oxygen supply (Bartholomeus et al. 2008) . They were derived in exactly the same way as described for nutrient indicator values. Moisture indicator values range from 1 (aquatic environments) to 4 (dry environments). Note: WFPS= Water filled pore space; IvM= Indicator value for moisture; IvN= Indicator value for nutrients; SLA=specific leaf area; LNC= leaf nitrogen concentration; LPC= leaf phosphorus concentration; SSD= stem specific density; n=50. Log: variables were log 10 transformed. Units are of untransformed variables ns = not significant, + P<0.1; * P<0.05 ; ** P<0.01; *** P<0.001.
The trait values of a community were represented by arithmetic means of the traits of the dominant species (see above). The use of cover weighted averages was considered inappropriate, because not all plants in a given location had been sampled. Still, we tested for differences in correlations using arithmetic means vs. weighted means with the significance test for correlation coefficients (Sokal and Rohlf 1995) . Correlations based on weighted averages were not significantly different (P>0.05) from correlation coefficients based on arithmetic means. Leaf P concentration, leaf size, plant maximum height and all soil variables had a right-skewed distribution and were therefore log 10 transformed to attain normality and comply with the assumption of linearity in the relationships. Specific leaf area, LNC and SSD were left untransformed as they were approximately normally distributed (Figure 3. 3). SEM models were estimated using EQS 6.1 for Windows (Bentler and Wu 2005, Bentler 2006 ) using mean structure analysis to obtain parameter estimates and intercepts of the relationships. In a SEM, an expected covariance among variables is estimated according to the model constraints (causal relationships and correlations). Expected covariance matrices were compared to the observed covariance matrix, and the degree of consistency between expected vs. observed matrices was expressed as a goodness of fit Chi-square statistic. Significant Chi-square values (P < 0.05) imply that the proposed model is not consistent with the observed data. Because of the relatively small sample size (n=50), and the asymptotic nature of the Chi-square statistic, the probabilities of the models were estimated using Monte Carlo methods (Shipley (2000), Chapter 6). In the models including latent variables for the plant strategies, the path from the latent leaf economy to SLA and the path from the latent light competition to plant maximum height was fixed to 1 to attain identification (determine initial values of the latent variable).
For models (depicted in Figure 3 .1, models 1a and 1b) that were not consistent with the data, additional exploratory analyses were carried out. First, we tested whether the lack of model consistency with the data was due to misspecifications in the components of the model: leaf economy vs. abiotic factors and the light competition strategy vs. abiotic factors (see Appendix 3-D). Secondly, an exploratory path analysis was carried out to check the model consistency when excluding latent variables in order to determine if the lack of consistency was due to inappropriate relationships between the latent and the observed variables (Grace (2006), Chapter 4). In all exploratory analyses we used biologically sound justifications to add or eliminate parameters, supplemented by results from Lagrange tests for adding parameters and Wald tests for eliminating nonsignificant parameters (Bentler 2006) . In this way, we aimed at incorporating relationships in the models only when they were both statistically and ecologically relevant.
Finally, a control analysis including estimates of disturbance was carried out to check the robustness of the relationships found. Disturbance, for example through management, is another important force shaping plant strategies (Grime 2006 , Vile et al. 2006 and might potentially interfere with the effects of nutrient supply on traits. In the current study some of the studied ecosystems have undergone management, such as mowing, grazing and top soil removal, but for most of these plots quantitative information on disturbance frequency and intensity was lacking (see Appendix 3-B). Instead, we used the average 'woodiness' of a given site as indicator of disturbance frequency and intensity. Woodiness was calculated as the arithmetic mean of a community at a site, valuing trees and shrubs as 1 and forbs, grasses, sedges and rushes as 0. More frequently and/or intensively disturbed plots are commonly dominated by herbaceous species (0 or values close to 0), while the number of woody species increases (reaching values of 1) as disturbance frequency and intensity decrease. 'Woodiness' was the only quantitative and continuous parameter we could obtain to evaluate the effects of disturbance in the SEM models. Unfortunately, woodiness is not an independent estimate and correlates strongly to SSD and plant height (Table 3 .1). Effects of disturbance on leaf economy traits were hypothesized to occur only through effects on nutrient supply. Disturbance may, however, have strong effects on traits related to the competition for light (Falster and Westoby 2005a, Vile et al. 2006) .
RESULTS
Bi-variate trait and soil relations
Nutrient and water supply, and measured plant traits, showed a large range of variation across sites, in accordance to the global range of variability expected for such environments (Figures 3.2 and 3.3) . The correlations among soil factors, among traits and between soils and traits (Table 3 .1) were in accordance with patterns found previously (Wright et al. 2004 , Ordoñez et al. 2009 ), but with higher r 2 values.
Testing theoretical frameworks on plant strategies using actual soil supply measures
Neither of the two hypothesized models (Figure 3 .1, models 1a and 1b) was consistent with the data. Model 1a with latent variables for both the leaf economy and the light strategy The control analysis with the inclusion of disturbance showed that the direct effects of nutrient supply (soil N and soil P) on leaf economy traits and maximum height were robust and independent of disturbance (as no change occurred in significance nor direction of the paths in models 4a and 4b). Also the positive relation between WFPS and SLA and the co-variation of leaf economy traits with SSD and SLA with maximum height were maintained. The latent 'leaf economy' was the common source of variation among the leaf economy traits and SSD, but the strength of the relation between the leaf economy traits and SSD was lower than that of models 4a and 4b (data not shown). The major difference between models 4a and 4b and the models including disturbance was that the effects of water supply on LPC (positive), maximum height (negative) and stem density (negative) were replaced by effects of disturbance (maintaining the same direction of change).
Testing theoretical frameworks on plant strategies using indicator values
The hypothesized models using indicator values had the same structure for the plant traits as for actual soil measures (Figure 3.1, model 1a and 1b) , but with a single nutrient supply Table 3 .1.
parameter instead of separate estimates for N and P fertility. The single nutrient supply parameter was assumed to be correlated to moisture and both nutrient and moisture affected both strategies (see Appendix 3-D). These models were not consistent with the data; model A had χ 2 =74.28; df = 16; P<0.001 and model B had χ 2 =69.76; df = 17; P<0.001.
The exploratory analysis (see Appendix 3-D) showed that nutrient indicator values had no effect on the latent 'light competition' (Model A) nor on plant height (model B), but it affected leaf size directly. Moisture indicator value had a direct effect on LNC and SSD (Figure 3.5, model 5a ,b ). In the model with the latent 'light competition', model 5a ( Figure  3 .5), there was also a direct effect of moisture on SLA, that was absent in model 5b, presumably because moisture acted directly on maximum height in model 5b, which was correlated with SLA. Similar to the models using actual soil measures, leaf economy traits vs. stem density and SLA vs. maximum height were dependent. Models from the exploratory analysis were consistent with the data for both models (χ 2 =7.78; df=10; P=0.66
and: χ 2 =9.07; df=12; P=0.73, for model 5a and 5b, respectively). The path analysis with indicator values also reflected the results obtained with the modified latent models and therefore were consistent with the data: χ 2 =7.33; df=8; P=0.52 for model A and χ 2 =8.66 df=10; P=0.56 for model B. Again, these results supported that the data was consistent with the definition of the latent variables.
Similar to measures of actual nutrient supply, the control analysis including disturbance did not change the effects of nutrients on leaf economy, water supply on LNC or the co-variation between leaf economy traits with SSD and SLA with maximum height. As with models using actual nutrient measures, the latent 'leaf economy' was the common source of variation among SSD and leaf economy, although but with lower path coefficients (data not shown). The major difference between models including disturbance and models 5a and 5b was the replacement of the negative relations of water indicator values with maximum height and SSD by a negative relation of disturbance with these traits. Disturbance had a positive effect on LPC while water supply had a negative effect. Finally nutrient indicator value positively affected maximum height and not leaf size as in previous models.
DISCUSSION
Current theoretical frameworks of plant responses to resource supply only partly complied with the models tested. Although pair-wise correlations of traits and nutrient and water supply were similar to those found elsewhere (Reich et al. 1999 , Ackerly 2004 , Wright et al. 2004 , Wright et al. 2007 , Ordoñez et al. 2009 ) and some components of the models tested agreed with current theoretical concepts, there were additional interactions in environmental factors vs. traits and trait vs. trait relationships that had not been considered before. Description of model A and B are given in Figure 3 .1 and explanation of the symbols is given in Figure 3 .4.
These multiple interactions appeared in the exploratory analysis we carried out using alternative models and were essential to consistently predict individual trait values. The implications of these findings to improve current plant strategy schemes are discussed below.
Non-independence of plant strategy dimensions
The modifications in the theoretical framework needed to make the models consistent with the data consistently led to a non-independence of plant strategy dimensions (more interlinked than assumed) in all tested models. In our study, SLA was positively related to maximum height whereas SSD was negatively related to leaf economy traits. It was assumed that there would be no association between SLA and height, because the use of site trait averages would cancel out the effects of the shading within sites. Nevertheless, the concomitant increase in community height and community SLA indicate that the effect of understory vegetation with very high SLA in forest communities was predominant, particularly in wet sites with fertile soils.
The negative correlation between SSD and leaf economy traits (Santiago et al. 2004 , Ishida et al. 2008 , but see Wright et al. (2007) for contrasting results) and growth rates (Enquist et al. 1999 , Muller-Landau 2004 in woody communities has been interpreted as a trade-off between growth rate and shade tolerance (Wright et al. 2007 ). Our study included woody and non-woody vegetation and the same relationship existed in all communities independent of whether they were dominated by woody or non woody species (data not shown). This shows that the correlations found were not an artifact of the structure of the dataset. The relation between SSD and leaf economy traits could be modeled by single correlations between SSD -SLA, SSD -LPC and SSD -LNC and by relating SSD to the leaf economy latent (although latter relations were weaker). This seems to imply that a process, similar to the one regulating leaf economy (cell size, cell number trade off and cell wall thickness), operates in the stem. In contrast to the leaf economy trade-off, this stem trade-off has implications for more aspects of plant adaptation. For instance, it has been shown that SSD is associated with plant survival, persistence of species, resistance to mechanical damage, and shade tolerance (Wright et al. 2007) . Unfortunately the adaptive significance of stem density is not fully understood.
Understanding the co-variation among light competition traits
The mechanisms determining the co-variation of plant maximum height, leaf size and stem density are not well understood and therefore it is difficult to distinguish causal relationships among these three traits. In the current analysis, co-variation of these three traits was explained by both model A and model B. Moreover, models in which the directionality of arrows of SSD had been reversed such that SSD drives maximum plant height and leaf size (particularly in models including disturbance), also were consistent with the data (data not shown). We also tested models in which a latent was the common cause of the three variables but these models were not consistent with the data. The latter lack of consistency is probably because only correlations between height vs. leaf size and height vs. SSD were direct, while leaf size vs. SSD seemed a conditional relationship (Shipley 2000).
In all above situations, the combined effects of water supply and disturbance regimes were the driving variables of the light competition traits. In this study the majority of the frequently and/or intensively disturbed sites were located in wet areas (floodplains, wet meadows), while most undisturbed plots were located on dry sandy soils. This coincidence seems to drive the strong reduction in height and SSD with water supply in models without disturbance and may explain why effects of water supply were replaced by effects of disturbance in the control models. Given that our estimate of disturbance is intrinsically related to SSD and height, disturbance overrides any possible effect of water supply, even though negative effects of water on SSD are expected theoretically, reflecting plant adaptation (like aerenchymatous tissues (Armstrong et al. 1994 , Glenz et al. 2006 ) to oxygen stress.
Finally, we hypothesized that high soil fertility would maximize the competition for light and thus the selected plant height. In all models using actual measures of soil supply (models 4a,b and models including disturbance), soil N had a positive effect on maximum height. In models with indicator values, these effects were less clear-cut. In models without disturbance (Figure 3.5 a,b) , nutrient indicator values showed positive effects of nutrients on leaf size, while such models with disturbance showed a positive effect of nutrients on height. It thus seems that both fertility and disturbance (independent of fertility) affect the light competition traits and particularly height. Given that an accumulation of soil total N and biomass commonly coincides with the time since disturbance (e.g. Chapin et al. 2002) , separating effects of fertility and disturbance would not have been possible from correlations among field observations alone.
The need for integrative long term measures of nutrient availability
Perhaps the most remarkable result for the leaf economy strategy is that the effects of actual soil nutrient measures went directly to the leaf economy traits instead of through the latent. Models using indicator values did affect the leaf economy latent (as hypothesized). In both cases, our simplified model for the leaf economy was consistent with the data, corroborating results obtained by Shipley et al. (2006) . This indicates that consistency problems of the original model were mostly due to the variables used to characterize nutrient supply. It has been argued that nutrient indicator values do not relate to nutrients only, but integrate different processes that make up site productivity (Ertsen et al. 1998, Schaffers and Sykora 2000) . This is supported by the weak correlations between nutrient indicator values and single soil nutrient measures (as was also the case in this study). Additionally, nutrient indicator values seem to reflect the long-term adaptation of plants to the nutrient supply of the environment, as they are based on the abundances of plants selected over various generations. All actual soil nutrient variables show either the total accumulation of nutrients over various generations (soil N and P) or the release of nutrients for one year (modeled soil N mineralization). Therefore models using actual soil measures indicate specific effects of soil N and soil P but not the integrative effect of nutrient supply (Grace (2006), chapter 4). Altogether, these results show that integrative long-term measures of nutrient supply are needed to predict the observed coordinated plant responses (as represented by the leaf economy latent).
Differential selection of leaf economy traits by nutrients and water
Water did not explain the latent leaf economy in any of the models using measured nutrients or indicator values. This contrasts with studies that showed similar associations of leaf economy traits in relation to both nutrients and water in dry environments (Fonseca et al. 2000 , Wright et al. 2001 . No such coordination of trait responses (i.e. through a leaf economy latent) was apparent in the present study in mesic to wet environments: WFPS affected SLA (in all models), but in an opposite direction than expected: SLA increased towards high WFPS. There is no hard wired process that explains this pattern, but we hypothesize that two effects might have played a role: i) occurrence of understory vegetation dominated by herbs with an extremely high SLA at high WFPS and high soil fertility and ii) physiological adaptation to partial submergence by an increase in SLA to compensate low gas exchange (Mommer et al. 2006 ).
Effects of water supply on LPC and LNC varied in significance across all models. Mostly, the patterns were, however, consistent with changes in N and P availability upon water-logging: N availability decreases upon anoxia by lower N mineralization rates and increased denitrification losses, while P availability increases indirectly by increased P inputs through water, e.g. in floodplains. It is unclear why only one of these effects was selected in individual models, but these divergent effects of water supply on the individual leaf economy traits may explain why its effects did not go through a latent.
CONCLUSIONS
The aim of this study was to test if our conceptualization of plant adaptation to nutrient and water supply mirrors nature. Based on data obtained with intensive sampling of 50 plant communities in The Netherlands, we have shown that plant strategy schemes can be quantified and that bi-variate relations show us only part of the complex coordination of different plant traits needed to 'make a living'. Instead, it is the multitude of resource limitations in combination with a multitude of trait trade-offs what determined individual trait values. The effect of nutrient and water supply alone on trait variation was significant but moderate. Internal plant regulation, represented by latent variables, was in some cases stronger than the environmental forces. Our results show that explicitly and partly independently taking into account the internal plant regulation of traits as well as environmental characteristics will be essential for good predictions of plant trait variation. Vegetation is close to the water Table and is When available, five individuals of each dominant species were selected in each site. Plant height of the tallest photosynthetic tissue was measured on the spot (excluding flowering structures in grasses and some rosette herbs). Height of plants smaller than 5 m was measured with a steel measuring tape. For plants larger than 5 m, height was estimated from the angle of elevation (using a clinometer) and the distance to the tree (using a steel measuring tape). For whole leaf size (cm 2 , including petiole) and specific leaf area (SLA, m 2 kg -1 ), one twig exposed to full light conditions or in the least shady areas (for understory vegetation) was collected per individual. Samples were packed in a paper moist bag and then in a sealed plastic bag. Samples were transported and stored under cooled conditions. For some small plants, the whole aboveground plant was collected. Within 24 hours of plant collection, the projected area was measured with a LiCor leaf area meter. For species with very small, thin or rolled-up leaves (some grasses, rushes and needle leaved species) we measured leaf length and width or circumference of 10 leaves using a microscope and then estimated leaf area from these measures. Subsequently, leaves were dried at 70°C for 72 hours and weighed. Leaf dry material was ground and used to determine leaf N concentration (LNC, mg g -1 ) with an elemental analyzer (Carlo Erba NA 1500, Rodana, Italy).
Leaf P concentration (LPC, mg g Table  3 .1.
As in the component on leaf economy, exploratory analysis of the light competition strategy component showed that the effects of abiotic factors mostly occurred directly on the light strategy traits, and not through the latent (Figure 3-D. 2, model 2a and 2b). Only soil N had significant effects either on the latent (model 2a) or directly on maximum height and leaf size (model 2b). The effects of WFPS occurred directly on maximum height and on SSD in both model components. In addition, the effect of soil P on the light competition traits was non-significant. Two newly formulated components on the light competition strategy, incorporating these effects, were consistent with the data: Subsequently, two new complete models with the direct effects of environmental variables on traits were tested, again with two models: model A with the light competition latent and model B without the light competition latent. Despite these modifications, none of the two models was consistent with the data. For model A, the model became consistent with the data by adding a relation between SSD and the leaf economy traits and a causal relation Model 2a) χ 2 = 6.10, df = 6, P = 0.42
Light competition
0.48
Water filled pore space from the light competition latent to SLA. These additions were supported by results from Lagrange tests and their biological implications are discussed in the discussion section. The relation between SSD and leaf economy traits could be modeled by relating SSD to the leaf economy latent and by adding single correlations between SSD -SLA, SSD -LPC and SSD -LNC. Inclusion of SSD on the leaf economy in the models was consistent with the data only after starting values of trait error variances were improved (χ 2 =25.62; df=17; P=0.12).
Nevertheless, the model with single correlations between SSD -SLA, SSD -LPC and SSD -LNC (Figure 3 .4, model 4a in the manuscript) had a better consistency with the data: χ 2 =10.99; df=15; P=0.78. Similarly, for model B, it was consistent with the data after adding a correlation between SLA and maximum height. Also in this model (Figure 3 .4, model 4b in the manuscript), the correlations between SSD and the leaf economy traits introduced above were more consistent with the data (χ 2 =10.88; df=15; P=0.78.), than adding SSD to the leaf economy latent (χ 2 =25.79; df=17; P=0.11). Models A and B were equivalent.
Exploratory analysis of models using N mineralization resulted in similar models in terms of model patterns as the models using soil total N (data not shown).
3-D.2 Exploratory analysis using indicator values
The models using indicator values had the same structure as those with actual soil measures, but with a single nutrient supply parameter instead of separate estimates for N and P fertility. The single nutrient supply parameter was assumed to be correlated to moisture and both nutrient and moisture affected both strategies (Figure 3-D. 3, model 3a and 3b).
In the exploratory analysis for models with indicator values, correlations between plant height and SLA and between leaf economy traits and SSD were added, similar to the results of the models using actual soil measures of nutrient and water supply. Still, adding these correlations did not improve model consistency: model A had χ 2 =41.05; df = 12;
P<0.001 and model B had χ 2 =29.63; df = 13; P=0.007. In contrast to models with actual soil measures, the hypothesized effects of nutrients on the latent leaf economy and of moisture on the latent light competition were retained. However, a Wald test showed that nutrients had no effect on the latent light competition (Figure 3-D. 3, model 3a) nor on maximum height (model 3b). Moreover, Lagrange tests showed that moisture additionally affected LNC and SSD directly and that nutrients affected leaf size. Both new models were consistent with the data, model A: χ 2 =7.78; df=10; P=0.66 (Figure 3 .5, model 5a of the manuscript) and model B: χ 2 =9.07; df=12; P=0.73 (Figure 3 .5, model 5b of the manuscript).
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Model 3a. 
